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SUMMARY AND CONCLUSIONS 
1. A study has been made of the influence of temperature 
and humidity upon the growth of the chick embryo using a 
modern mechanically ventilated incubator. Daily measure-
ments beginning the fourth and continuing through the 
twentieth day of incubation were made on wet weight, dry 
weight, total nitrogen and total ash of embryos and their 
extra-embryonic membranes. A total of 18,360 individual 
weights and determinations was made during the course of this 
study. 
2. The data on growth were obtained from six separate in-
cubation operations conducted at two institutions over a period 
of 5 years. 
3. The percentages of relative humidity used in this study 
did not cause a significant difference in the growth of the em-
bryo as measured by wet weight. 
4. The dry weight of the embryo was the best of the four 
measures of growth as observed from the data. 
5. The various percentages of relative humidity used in this 
study did not cause a significant difference in the growth of the 
embryo as measured by dry weight. 
6. There is little if any significant variation in the growth 
of the embryos at the different humidities when total nitrogen 
is used as an index. 
7. A significant difference was observed on the sixteenth, 
seventeenth and eighteenth days betwe~n the total ash of em-
bryos incubated at the various humidities. The difference ob-
tained showed that an intermediate humidity (62 percent) is to 
be preferred to the extreme humidities. 
8. The inclusion of the extra-embryonic membranes did not 
show that the different humidities affected the growth of the 
embryo significantly on the twentieth day. 
9. · The loss of moisture . from the egg is apparently in-
fluenced by five factors: Temperature of the incubator, humid~ 
ity within the egg chamber, circulation of air around the egg, 
shell texture and the thickness and surface area of the egg 
shell. 
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10. The study of the growth of embryos incubated in differ-
ent types of incubators emphasizes that the type of incubator 
governs the temperature and humidity at which the machine 
should be operated. A knowledge of the limits of the various 
influences is essential if standards for optimum conditions in 
the incubator are to be established. 
11. The dry weight data for the two temperatures studied 
show clearly that temperature exerts a decided influence on 
the growth of the chick embryo during the early stages of de-
velopment. 
12. It is evident from this experiment that the upper limits 
of temperature in a mechanically ventilated incubator of the 
type used are between 38.3 ° C. (100.9° F.) and 40.5° C. 
(104.9° F.). 
13. This research indicates that 40.5° C. (104.9° F.) in a 
mechanically ventilated incubator is equivalent to or higher in 
t emperature than 41.6° C. (106.9° F.) in a " sectional" type 
incubator. 
14. Growth results were practically equal when the mechan-
ically ventilated incubator was operated at a temperature 2° F. 
lower than the " sectional" type of machine. 
Influence of Temperature and Humidity Upon 
the Growth of Chick Embryos in a 
Mechanically Ventilated Incubatoe 
By ROBERT PENQUlTE2 
The problem of artificially hatching eggs with the greatest 
efficiency is of fundamental importance to the entire poultry 
industry. Under existing conditions it is common practice for 
hatchery operators to set 40 percent more eggs than the num-
ber of chicks anticipated. This is an unjustified economic 
waste which attains gigantic proportions in modern large-scale 
chick production. In large commercial hatchery practice, 1 to 2 
percent impro'vement in hatchability often pays the entire labor 
cost of operation. The importance of artificial incubation prob-
lems fully justifies the interest of biological workers in this 
field. 
Progress has been made in the fields of nutrition and breed-
ing, resulting in greatly reducing the loss of chicks from phys-
iological disturbances. The control of diseases has likewise ad-
vanced rapidly, but improvement in hatching by the control of 
the factors involved in artificial incubation has not received the 
attention it deserves. 
Faulty, undersized chicks and excessive mortality may be 
caused by inefficient incubation. It seems reasonable to believe 
that some of this mortality may be a consequence of lack of 
knowledge of the optimum conditions for embryonic develop-
ment inside the shell as well as the lack of information about 
the optimum conditions which influence the ability of the chick 
to break out of the shell. 
The literature reveals many conflicting opinions concerning 
optimum conditions for hatching. In attempts to establish op-
timum conditions, many investigators disregard the possibility 
that optimum conditions for the different stages of embryonic 
1 Project 55 of the Iowa Agricultural Experiment Station. The work pre-
&ented in this bulletin was conducted at Iowa State College and Oklahoma 
Agricultural and Mechanical College. This manuscript was submitted to the 
graduate faculty of Iowa State College in partial fulfillment of the require-
ments for the degree, doctor of philosophy. 
2 Associate professor, poultry husbandry, Oklahoma Agricultural and 
Mechanical College. Grateful acknowledgment is made to Profs. E. W. Hen-
derson and G. W. Snedecor of Iowa State College, and R. B. Thompson and 
V. G. Heller of Oklahoma Agricultural and Mechanical College. Without their 
encouragement and hearty cooperation this study would not have been pos-
sible. 
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development may differ; therefore it seems desirable to study 
the factors which influence the various stages of development. 
This study was undertaken in an attempt to ascertain the in-
fluence of temperature and humidity upon the ' growth of the 
chick embryo. Growth was measured by determinations of wet 
weight,: dry weight, total nitrogen and total ash of the embryo. 
There is still 1).eed for standardi21ation of methods of study, 
so that the results Of different investigat.ors can be compared. 
For example, temperature is well recognized as a vital factor, 
but the fact that identical temperature readings may not pro-
vide the same temperature environment for the growing em-
bryo is ,frequently disregarded. It is common knowledge that 
the temperature reading on a level with the. eggs in sectional 
type incub~tors is not comparable to that in mechaNically ve.n-
tilated types. 
Proper interpretation of results of different investigations is 
needed. The problems of, embryonic development should be, 
segregated from those measured by hatching results to facili-
tate this interpretation. 
QomparativE) evaluation of the results secured with different 
types of equipment is a necessity which can be secured onlY ,9Y 
specifying the environment in terms of exact physical meas-
u-rements. , 
REVIEW OF LITERATURE 
In view of the cbrn:pleteness of, the compilation of embryo" 
logical findings by Needham (6)" Henderson (4) and Romanoff 
(11), especially those of Needham, only reports of investiga-' 
tion.s with objectives similar to those of thi!'l study a~e dis-
W~~. " . , 
The influence of vatiOl'ls percentages of humidity in the egg 
chamber and the resultant effect upon the growth of the, chiclr 
embryo at successive stages of incubation. have been stu'died 
only recently by the 'biologist and incubator manufacturer. 
The majority of the early researches have been confined to mor-
phological and physiological studies of abnormal embryology of 
the chick. . . . 
HUMIDITY INFLUENCES 
Romanoff (9) found that increasing the relative humidity in 
the egg chamber raised the average wet weights of embryos 
above the average of the low humidity group for the entire in-
cubation period. Contrary to this the percentage of dry matter 
in the embryo was found to be small under the high humidity. 
Romanoff states that" this might have resulted either from the 
rapid growth or from the absorption of the excess of moisture 
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from the egg contents or from both." The percentage of total 
ash was large under conditions of high humidity, a result which 
he attributes to the" beneficial eff(-)cts" of high humidity. High 
humidity "favored" the growth and the calcium metabolism 
of the embryo, but it caused a heavy mortality just prior to 
hatching. Low ' humidity retarded the growth , an~ calcium 
metabolism but did not affect the mortality. 
Romanoff (11) , in a later and more complete study of this 
problem reported that the growth of the embryo, as measur:ed 
by wet and dry weight, was rather irregular, being somewhat 
hastened at high and retarded at low relative humidity. The 
humidities used in the egg chamber were 80 percent ~nd 40 
percent for the extreme conditions and 60 percent for the opti-
mum condition. 
The calcium metabolism in certa'in stages of the embryonic 
d!'lvelopment was much' better with high than with .low humid-
ity. , Murray (5) observed that embryos developed at humidi-
ties of 65 and 90 percent, respectively" were approximately of 
equal weights regardless of humidity. 
Schkljar (13) obtained daily wet weights of embryos from 
the second to the twen~ieth days and 'the weig:p.ts of the organs 
for the twelfth, fourteenth, sixteenth, eighteenth and twen~ieth 
days in a study of the, influence of humidity apd temperature 
upon the growth of the chick embryo. He observed that ahigh 
degree of ,moisture in the incubator (77 percent) a:o.d a tem-
peratp.re of 38.3° C. (100,9 ~ F.) delayed growth up, to the 
eighteenth day, with a decisive increase taking place after 
this, date. 
TEMPERATURE INFLUENCES 
The influence of temperature upon the growth' rate 'of the 
chick embryo has been investigated rather extensively by Hen-
derson (4) who found that temperature exerted a profound in-
fluence on the growth rate of the chick embryo as measured by 
dry weight and total nitrogen content 'and as indicated by tem-
perature coefficients. This influen'ce was greatest in the earlier 
stages of growth and decreased in suc~essive stages, practically 
ceasipg when the embryo was about 16 day-sold or when it 'had 
reached a dry weight of approximately 2 grams. He also de-
termined the temperature limits of growth t<;> weighable size 
to be approximately 34° C. (93.2° F.) to 42.2° C. (108:0° F.) in 
an average relative humid,ity of 60 percent. ' 
Henderson 'and Brody (3) reported that the rates of em-
bryonic growth, as well as the lengths of each growth period, 
are affected by temperatures, depending on the age of the 
chicks and on the temperature at which t~ey were incubated. 
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They further suggest that before the age of 13 days and be-
tween the temperatures of 35° C. (95 ° F.) and 37° C. (98.6° F.) 
an increase in the temperature by 1 ° C. (1.8° F.) results in an 
average increase in rate of growth of between 13 and 20 per-
cent. This rate of increase is based on the assumption that rate 
of growth increases exponentially with temperature. - The same 
workers also report that after the stage of growth correspond-
ing to about 13 days at normal incubation temperatures is 
reached, changes in temperature within the limits of 37° C. 
(98.6° F.) and 41° C. (105.8° F.) did not influence the rate of 
growth. 
Romanoff and Faber (12) report that the growth of the 
chick embryo was at first accelerated, then "completely ar-
rested" at a temperl'J,ture of 40° C. (104° F.) ; yet the life of 
some of the embryos was maintained up to complete hatching. 
The growth was slightly retarded at the low temperatures of 
32° C. (89.6° F.). Romanoff and Faber found that the calcium 
metabolism of the embryo was not influenced greatly by the 
different temperatures as was shown by the percentage of cal-
cium in the embryo and yolk at various stages of incubation. 
Penjonschkewitsch (8) observed, in his studies of the patho-
logic phenomena in embryonic development of chicks during 
artificial incubation, that with a temperature increase the 
chicks started to hatch on the nineteenth day. This was ac-
companied with an increased percentage of cripples and dead 
in the shells at hatching time. He described this condition as 
specific for high temperatures. 
Hematological researches made by Penjonschkewitsch show 
that the amount of hemoglobin and red blood corpuscles in-
creased in the chick embryo as the incubation temperature was 
increased. This change was not so striking from the thirteenth 
to nineteenth days of incubation. 
This observation of the influence of temperature on develop-
ment is interesting because it is parallel to the observations of 
Henderson and Brody who used entirely different criteria. 
Schkljar (13) obtained a complete, regular and strong 
growth of the chick embryos with a temperature of 38.4° C. 
(101.1 ° F.) and a relative humidity of 64 percent. A tempera-
ture of 39.9° C. (103.8° F '.) with a relative humidity of 62 per-
cent gave a somewhat depressing effect on the development of 
the embryo during the first 6 and the last 2 days of incubation 
but an increase after the sixteenth day. With a low tempera-
ture of 37° C. (98.6° F.) and a moisture content of 63 percent, 
the embryos remained noticeably backward in growth espe-
cially during the first few days of incubation. According to his 
observations growth in relation to the control group was de-
layed by 2 days in the low temperature series. 
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According to reports of previous investigators, temperature 
and humidity are given the most prominent attention as factors 
in the development of the chick embryo in artificial incubation. 
Temperature has been clearly shown to affect the rate of devel-
opment of the chick embryo, but whether humidity has similar 
effects is questionable because of the conflicting results of most 
of the investigators. 
With the exception of Needham (6) and Byerly (2), most of 
the previous investigators did not measure the rate of develop-
ment of the embryonic membranes. As suggested by Byerly, 
"the unavoidable errors in measuring the weight of the em· 
bryo during the first three days of development and in weigh-
ing the membranes at any period have probably deterred other 
workers from the task." A more complete discussion of these 
questions will be found in the writings of Byerly and Needham. 
In several of the investigations reported the type of incu-
bator used was not described. The possible differences in tem-
perature and humidity environment provided for the eggs 
by the different types of incubators were apparently not recog-
nized; this emphasizes the need for standardization in methods 
of study so that the results of different investigations may be 
compared. 
EXPERIMENTAL 
PURPOSE OF THE INVESTIGATION 
The primary objects of these investigations were: 1. To de-
termine the influence of relative humidity on the rate of growth 
of chick embryos and extra-embryonic membranes using wet 
weight, dry weight, total nitrogen and total ash as criteria; 2. 
to study comparatively the growth rates of chick embryos in-
cubated in mechanically ventilated incubators, in which the 
temperature is relatively uniform from the top to the bottom 
of the egg chamber, with those incubated in machines in which 
the temperature decreases from the top to the bottom of the 
incubator; 3. to observe the development of embryos in mechan-
ically ventilated incubators operated at different temperatures. 
METHOD OF PROCEDURE 
Growth of chick embryos and extra-embryonic membranes 
was studied from the fourth to the twentieth day of incuba-
tion, inclusive, at various temperatures and relative humidi-
ties. Mechanically controlled and ventilated incubators were 
use~ . 
The data on growth were obtained from six separate incuba-
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tion operations conducted at two institutions over a period 01 
5 years,' 1~31 to 1936. The first incubation was at l<;>wa St~te 
College from April 4 to April 26, 1931. The ' other incubation~ 
were conducted at the Oklahoma Agri~ultural and Mechanical 
College as ;follows: Ma~ch 19 to April ' 10; 1933; Oct. 30 to No~. 
21, 1934; July 21 to Aug. 12, 1935; Aug. 14 tq Sept. 5, 1935; 
and April 11 to May 3, 1936: ,: ' 
Two commercial mechanically ventilated incubators ,were 
used. These machines are designed ' to' maintain' uni:form ,con-
ditions at all levels in the egg chambers. The temperatures a~d 
relative humidities within the machines were co,ntrQlled by 
thermostats and humidostats patented by the manufacturers 
of the incubators. A wide range 'in temperature and ' relative 
humidity can be secured in these tjpes of incubators by ' ther-
mostatic ,and humidostatic adjustments. The incubators were 
operated according to the m'anufadurers' standard 'recommen-
dations for' optimum , hatching ' results with the exception of 
relative humidity and temperature, which ~e,re varied~ :The 
eggs were turned four times daily. , ' , 
All instruments used in the incubator for measuring , tem-
perature and relaiivehumidity were compared with Bureau of 
Standards instruments. Two thermometers and two hygro:me-
tel'S were used in each machine for the observations of tempera-
ture and humidity. . 
The eggs used in all studies were obtained from the Iowa 
State College and the Oklahoma Agricultural and Mechanical 
College Experiment Station flocks of Single Coritb White Leg-
horns, The birds from which eggs were secured were subjected 
to uuil'orm management conditions. 
The 'eggs, previous to incubation, were collec~ed over a period 
of 10 days and held in a room with a mean temperature not 
exceeding 18,3° C, (64:9 ° F,). At the time of settIng,' 200 t6 250 
eggs were selected for, uniformity of size, shape and shell tex· 
ture. The size was determined by weighing each egg to the 
nearest gram, the shape by ' visual estimation and "the shell 
texture by candling. " '. , 
Beginning on the' fourth day and continuing every '24 hours 
until the twentieth day of incubation, six eggs containing live 
embryos were weighed, then the shells were broken at a point 
directly over the air cells, and the embryos and extra-embry-
onic membranes were extracted with a pair of forceps. In ex-
tracting the embryo and extra-embryonic membranes the am-
nion was punctured, the amniotic fj.uid dra~ned off ahd the em-
bryos separated from the extra-embryoI).ic membranes. 
Immediately after this separation each embryo was placed 
in a tared crucible. The extra-embryonic membranes were 
treated in a like manner. 
11 
On the nineteenth and twentieth days the yolk-sacs that had 
been drawn into the bodies of the embryos were r'emoved 
through the umbilicus. ' , , , . I 
After extraction of the embryos and extra-embryonic mem-
branes, the egg shells with their respective shell membranes 
were dried and weighed to the nearest one-tenth gram. The 
four measures used to determine growth rate of embryos and 
extra-embryonic membranes were wet weight, dry weight, to-
tal nitrogen and total ash. 
The wet weight of the embryo and the extra-embryonic mem-
branr.s was, determined by weighing immediately after extrac-
tion on a balance sensitive to one-tenth milligram. The em-
bryo was then dried in an electric oven at 96° C. (204.8° F.) to 
98° C. (208.4°F.) until a cqnstant weight was reached. , The 
dry weight of the extra-embryonic membranes was determined 
likewise. The total ash was determined by reducing the dry 
matter to a white ash in an electric muffle furnace. The fur-
nace 'was slowly heated to a cherry red heat, and held at this 
heat ' from 2 to 6 hours, depending on the amount of material 
ashed. 
T'he total nitrogen was determined by soaking each dried 
residue in concentrated sulfuric acid, removing to a Kjeldahl 
flask and estimating the total nitrogen by the Kjeldahl method. 
RESULTS 
, ' 
The data on growth for the humidity studies were obtained 
from three separate incubation operations conducted at the 
Oklahoma Agricultural and Mechanical College. The 40 per-
cent humidity series was conducted from July 21 to Aug. 12, 
1935; the 62 percent from Aug. 14 to Sept. 5, 1935, and the 80 
percent from April 11 to May 3, 1936. 
All eggs used in these series were secured from the Oklahoma 
Experiment Station flock of Bingle Comb White Leghorn hens 
under uniform management condition,s. 
The data obtained in this investigation are presented in 
tables 1 to 3 and figs. 1 ,to 5. The data secured at a relative 
humidity of 40 percent and a temperature of 37.6 ° C. (99.7° 
F.) are given in table 1. Data at 62 percent relative humidity 
and a temperature of 37.6° C. (99.7° F.) are shown in table 2. 
Table 3 is compiled from the data secured at a relative humidi-
ty of 80 percent and a temperature of 37.6° C. (99.7° F.). 
In order to visualize results the tabulated data in the tables 
are presented on semi-logarithmic graphs, figs. 1 to 5, inclusive. 
These graphs are used in order to visualize lillore readily 
changes in rate of development. 
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Brody (1) has offered theoretical reasons for this method of 
presentation. Analysis of variance and covariance as de-
scribed by Snedecor (14) was used for the determination of 
statistical significance. 
TABLE 1. SINGLE COMB WHITE LEGHORN CHICK EMBRYOS AND EXTRA-EM-
BRYONIC MEMBRANES FROM EGGS INCUBATED AT 37.6°C. 
(99.7°F.). RELATIVE HUMIDITY 40 PERC~NT. 
Age Mean Mean loss Meanweightl Mean wet Mean dry Mean total 
of weight in weight of shells weight of weight of ash of 
embryo, of eggs, of eggs, of eggs, embryo, embryo, embryo, 
days grams grams grams grams grams grams 
4 50.7 1.8 5.0 . 0886 .0060 . 0003 
5 50.7 2.3 5.4 .2451 . 0146 .0013 
6 50.5 2.5 5.3 .4700 . 0291 .0043 
7 50.3 3.3 5.0 .8016 . 0525 .0048 
8 50.2 3.5 5.0 1.2284 .0790 . 0091 
9 49.5 3 .3 5.0 1. 7455 .1253 . 0123 
10 49.3 3.3 5.1 2.4551 .1814 .0184 
11 50.3 4.3 5.1 3 . 3904 .2613 .0316 
12 49.2 3.6 4 . 9 4.9605 .4254 . 0413 
13 50 . 7 4.3 5.6 6.9750 .7384 .0672 
14 51.0 4.8 5.5 9 . 3366 1.1304 . .1066 
15 50.8 4.9 4.9 12 .5392 1.8822 .1480 
16 50.7 6.4 4.8 15.7424 2.8125 .1981 
17 50.7 6.1 4.2 18.5098 3 .5740 .2996 
18 50.5 7.0 4.5 20 .9622 4.1882 .3623 
19 51.0 7.0 4 .4 23.2945 4.6823 . 4145 
20 48.5 8.5 4 . 2 26 . 3590 6.3020 .4734 
All means in tables I , 2 and 3 with the exception of total ash and total nitrogen are calculated 
from six individuals. The total nitrogen and total ash means are calculated from three individ-
uals. 
Mean total Mean wet Mean dry Mean total Mean total 
nitrogen weight of extra- weight of extra- ash of extra- nitrogen of 
of embryo, embryonic embryonic embryonic extra-embryonic 
membranes, membranes, membranes, membranes, 
milligrams grams grams grams milligraplB 
---
.8 . 3766 .0982 .0034 7.4 
1.5 .5921 .1346 . 0067 9.0 
3.0 1.0359 .2367 .0154 12.8 
6.2 1. 8638 .3484 . 0177 21.9 
9.3 2.8776 .4556 .0233 37.0 
14.7 3.4003 . 6033 . 0309 36.2 
21.1 3.7192 . 7318 .0428 43.7 
27.7 4.0820 . 9402 .0560 51.4 
40 . 8 4 . 7870 1.5680 . 0649 87.1 
77 . 1 6 .4662 2.5410 . 0994 89.9 
133 . 0 6.7440 2 . 7296 .1197 143.8 
211.7 7 . 9214 3.4418 .1109 134.4 
341.7 9.1172 4.1772 . 1566 132.0 
346.3 8.6323 4.1009 .1740 244 . 3 
389.5 8.6173 3.9689 .1626 161.9 
515 . 2 8.8815 3.8088 .1653 252.5 
515.6 6.3370 2.7603 . 1246 212.0 
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Mean wet weight Mean dry weight Mean total ash Mean total nitrogen 
of embryo and of embryo and of embryo and of embryo and 
extra-emJjryonic extra-embryonic extra-embryonic extra-embryonic 
membranes , membranes , membranes, membranes, 
grams grams gTams milliJrrams 
. 41.652 . 1042 .0037 8.2 
.8372 .1492 . 0080 10.5 
1. 5059 .2fj58 . 0197 15 .8 
2 . 6654 .4,009 . 0225 28.1 
4.1060 .5346 .0324 46.3 
5 . 1458 .7286 . 0432 50.9 
6 . 1746 .9132 .0612 64.8 
7.4724 1. 2015 .0876 79.1 
9 . 7475 1.9934 . 1062 127.9 
13.4412 3 . 2794 .1666 167.0 
16 . 0806 3 .8600 .2263 276.8 
20.4606 5 . 3240 . 2589 346 . 1 
24.8596 6.9897 .3547 473 . 7 
27 . 1421 7 . 6749 .4736 590 . 6 
29 .5795 8 . 1571 .5249 551.4 
32.1760 8 .4911 . 5798 767.7 
32.6960 9.0523 .5980 727.6 
THE INFLUENCE OF HUMIDITY AS DETERMINED BY WET WEIGHT 
OF THE EMBRYO 
The general trends of the wet weight curves for the various 
humidities are in agreement. They are similar in type when 
plotted on arith-Iog paper as illustrated in fig. 1. The most 
outstanding deviations are from the fourth to the seventh days 
and from the fourteenth to the twentieth days of incubation. 
Romanoff (9) has shown that increasing the relative humidity 
in the incubator raised the average wet weights above the av-
erage of the low humidity group for the entire incubation 
period. These data might appear to substantiate Romanoff's 
findings except for the fact that the egg size in this study dif-
fered for the different humidities. Since chick size is definitely 
correlated with egg size, the size of the eggs used could easily 
account for the differences obtained. 
Byerly (2) has presented evidence that the rate of growth 
of the chick embryo depends upon an inherent growth rate and 
suggests that it is probably identical for all breeds. He further 
suggests that this rate is modified during incubation in direct 
proportion to a function of egg size. 
Schkljar's (13) observation was that a high degree of mois-
ture in the egg chamber delayed growth, as shown by wet 
weight, up to the eighteenth day, after which a decisive in-
crease took place, a condition in complete disagreement with 
the findings of Romanoff. 
Murray (5) obtained little difference in the weight of em-
bryos incubated at relative humidities between 65 and 90 per-
cent. 
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The greatest differences in the growth of the embryos, as 
shown by wet weight in this study, are from the sixteenth to 
the twentieth days ; therefore the data for each day during this 
period were analyzed for significance. The wet weights of the 
embryos grown at the various humidities do not differ signifi-
cantly on the sixteenth, seventeenth, nineteenth and twentieth 
days after the influence of egg weight is taken into account. 
Significant differences were found on the eighteenth day only. 
TABLE 2. SINGLE COMB WHITE LEGHORN CHICK EMBRYOS AND EXTRA-EM· 
BRYONIC MEMBRANES FROM EGGS INCUBATED AT 37.6°C. 
(99.7°F.). RELATIVE HUMIDITY 62 PERCENT. 
Age Mean Mean loss Mean weight Mean wet Mean dry Mean total 
of weight in weight of shells weight weight ash of 
embryo, of eggs, of eggs, of eggs, of embryo, of embryo, embryo, 
days grams grams grams grams grams grams 
4 57.3 2.0 6.8 . 1082 . 0066 . 0015 
5 58.0 1.6 6.7 .2312 .0153 .0023 
6 54.4 2.5 6.6 .5202 . 0310 . 0040 
7 58.7 2.1 6.3 .8695 . 0551 .0058 
8 57.7 2.2 6.2 1. 2970 . 0854 . 0083 
9 57.5 2.8 6.2 1. 9229 .1336 .0137 
10 57.5 3.2 5.9 2.7066 .1958 .0208 
11 57.5 3.4 6.0 4.0769 .3282 .0360 
12 57.7 3.8 5.6 5.7678 .5239 . 0514 
13 57.7 4.9 5.4 7.9935 .8515 .0830 
14 57.7 5.7 5.4 10.4478 1.3404 .1049 
15 57.7 5.7 5.7 15.1340 2.4386 . 1847 
16 57.0 5.6 5.6 18.8097 3.3869 .2550 
17 57.0 6.4 5.3 21.9425 4.2109 .3274 
18 57.0 6.0 5.6 25.5841 4.6959 .3842 
19 56.7 6.6 5.3 29.2420 5.6503 . 4703 
20 56.8 6.9 5.3 32.2646 6.1926 . 5020 
Mean total Mean wet Meari dry Mean total Mean total 
nitrogen weigh t of extra- weight of extrs- ash of extra- nitrogen of ex-
of embryo, embryonic embryonic embryonic tra embryonic 
membranes, membranes, membranes, membranes, 
milligrams grams grams grams milligrams 
.7 .2493 .0794 . 0036 3.9 
1.6 .4174 .1277 .0068 6.3 
3 .2 1.1097 .3077 .0153 15.7 
5.1 1. 7998 .4253 .0199 24.0 
9.1 2.6616 .5464 .0300 32.1 
13.9 3.1342 .6280 .0354 33.0 
21.2 3.7900 .9281 .0533 49.2 
33.7 4.1120 1.2147 .0660 55.8 
54.5 5.0547 1.7341 . 0815 96.0 
90.6 6.6822 2.7686 .1127 140.0 
164.4 6.4813 2.6660 .0876 153.4 
280.4 8.2990 3.9644 .1414 256.1 
357.2 9.3297 4.2893 .1665 219.2 
406.7 8.4536 3.9562 .1516 249.6 
469.0 8.8210 3.7018 .1373 270.7 
545.2 8.3835 2.9623 .1376 226.6 
601.8 6.5397 2.6598 .1133 220.3 
15 
Mean wet weight Mean dry weight Mean total ash Mean total nitrogen 
of embryo and of embryo and of embryo and of embryo and 
extra-embryonic extra-embryonic extra-embryonic extra-embryonic 
membranes, membranes, membranes, membranes, 
grams grams grams milligrams 
.3575 .0860 .0051 4.6 
. 6487 .1430 .0091 7.9 
1. 6299 .3387 .0193 18.9 
2.6693 .4804 .0257 29.1 
3.9586 .6318 .0383 41.2 
5.0571 . 7616 .0491 46.9 
6.4966 1.1239 .0741 70.4 
8.1889 1. 5429 .1020 89.5 
10 .8225 2.2580 . 1329 150.5 
14.6757 3.6201 .1957 230.6 
16.9291 4.0064 .1925 317.8 
23.4330 6.4030 .3261 536.5 
28.1394 7 .6762 .4215 576.4 
30.3961 8.1671 .4790 656.3 
34.4051 8.3977 .5215 739.7 
37.6255 8.6126 .6079 771.8 
38 .8043 8.8524 .6153 822.1 
The following possibilities are suggested as reasons for the 
inconsistency of the data: The size of the eggs, the season of 
the year and the type of incubator used. 
These data show that variations in relative humidity from 40 
to 80 percent did not significantly influence the wet weights of 
the embryos .at the sixteenth, seventeenth, nineteenth and twen-
tieth days. It was not possible to account for the difference on 
the eighteenth day. 
The percentages of relative humidity used in this study ap-
parently did not cause a significant increase in the growth of 
the embryo as measured by wet weights. 
The differences obtained by Romanoff may possibly be at-
tributed to variations in the size of the eggs, since variation in 
egg size was not clearly accounted for in his study. 
DRY WEIGHT AS A MEASURE OF THE INFLUENCE OF HUMIDITY 
The influence of humidity upon growth as measured by dry 
weight of the embryo is shown in fig. 2. The curves are plotted 
from the data presented in tables 1 to 3. The growth curves 
are, in general, similar, but they are more irregular than the 
wet weight curves (fig. 1). This is especially true at the mid-
dle and latter stages of the growth period. The embryos grown 
at a humidity of 80 percent are heavier than those grown at 40 
to 60 percent for the fourth day only. 
There are apparent differences in the mean weights of the 
embryos receiving the different treatments as measured by dry 
weight. The differences between the actual weights on the six-
16 
teenth, seventeenth, eighteenth, nineteenth and twentieth days, 
however, are not significant when the influence of egg weight 
is removed. 
Romanoff (11) in a study of this problem observed a close 
correlation between dry matter content of the embryo and wet 
weight of the embryo. Further observations by Romanoff 
were that the growth was irregular under either extreme from 
the fourteenth to twentieth days and that it was much greater 
under high than under low humidity. 
TABLE 3. SINGLE COMB WHITE LEGHORN CHICK EMBRYOS AND EXTRA-EM-
BRYONIC MEMBRANES FROM EGGS INCUBATED AT 37.6°C. 
(99.7°F.). RELATIVE HUMIDITY 80 PERCENT. 
Age Mean Mean loss Mean Mean wet Mean dry Mean total 
of weight in weight weight weight of weight of ash of 
embryo, of eggs, of eggs, of shells, embryo, embryo, embryo, 
days grams grams grams grams grams grams 
4 50.3 1.3 5.5 .1240 .0089 .0019 
5 50.3 1.3 5.5 .2609 .0157 .0010 
6 50.3 .6 5.5 .4862 .0295 .0020 
7 50.3 .6 5.4 .8848 .0558 .0043 
8 50.2 1.1 5.1 1.2220 .0803 .0091 
9 50.3 1.4 5.1 1.8130 . 1229 .0134 
10 50.3 .8 5.2 2.5497 .1849 .0205 
11 50.3 .6 4.8 3.6139 .2847 . 0349 
12 50.3 1.0 4.9 5.1895 .4536 .0503 
13 51.0 1.6 5.0 6.7717 .6866 .0649 
14 51. 7 2.3 5.0 10.6151 1. 3526 .1259 
15 51.0 1.7 5.0 13 . 0768 2.1469 .1568 
16 50.3 1.6 4 . 9 16.6050 2.9316 .2430 
17 50.5 2.4 4.7 19.0126 3.5102 .2459 
18 50.0 3.2 4.4 20.3099 3.8196 .3315 
19 50.5 2.9 4.6 26.7367 5.2749 .4058 
20 52.0 3.1 4 .5 31. 7816 6.1743 .4693 
Mean total Mean wet Mean dry Mean total Mean total 
nitrogen weight of extra- weight of e"trs- ash of extra- nitrogen of ex-
of embryo, embryonic embryonic embryonic tra embryonic 
membranes, membranes, membranes, membranes, 
milligrams grams grams grams milligrams 
.87 .6657 . 1718 .0094 11.43 
1.50 .9883 .2424 .0107 17. 53 
3.13 1. 2916 .2976 .0130 10.40 
5.90 1. 9363 .3818 .0187 25.98 
7.53 2.6112 .4820 .0239 42.55 
12.40 3.3038 .4973 .0296 25.57 
19.63 3.8329 .7032 .0379 32.98 
30.87 3 .5714 .8451 .0476 47.77 
51.83 4.5388 1..5075 .0711 75.37 
79.27 4 .7382 1.9148 .0665 100.33 
152.77 7.9244 3.5188 . 1228 132.60 
253.33 7 . 7654 3.4263 .1330 151. 53 
296.13 8.5087 3.9000 .1576 182.67 
399.47 8.2008 3.7302 .1411 201. 73 
402.40 8.1012 3.7736 .1420 231. 93 
497.47 8.0522 3.1593 . 1516 179.27 
587.87 9.5135 2.4501 .1144 171.07 
17 
Mean wet weigh t Mean dry weight Mean total ash Mean total nitrogen 
of embryo and of embryo and of embryo and of embryo and 
extra-embryonic extra-embryonic extra-embryonic extra-embryonic 
membranes, membranes, membranes, membranes, 
grams grams grams milligrams 
.7897 .1807 .0113 12.30 
1. 2492 .2581 .0117 19.03 
1.7778 .3271 .0150 13.53 
2.8211 .4376 .0230 31.88 
3.8332 .5623 .0330 50.08 
5.1168 .6202 .0430 37.97 
6.3826 .8881 .0584 52.61 
7.1853 1.1298 .0825 78.64 
9.5283 1. 9611 .1214 127.20 
11.5099 2.6014 . 1314 179.60 
18.5395 4.8714 .2487 285.37 
20.8422 5.5732 .2898 404.86 
25.1137 6.8316 .4006 478.80 
27.2134 7.2404 .3870 601. 20 
28.4111 7.5932 .4735 634.33 
34.7889 8.4342 .5574 676.74 
41. 2951 8.6244 .5837 758 .94 
The same worker (9) in another paper states" the percen-
tage dry matter in the embryo was found to be low under the 
high humidity. This might have resulted either from the 
more rapid growth or from the absorption of the excess of 
moisture from the egg contents or from both." 
Townsley (15), using the weight of the chicks at hatching 
time as a criterion, observed that the chicks from the incubator 
operated at high humidity and the one operated at low humidi-
ty were smaller than those from the medium humidity machine. 
The relative humidities used were 33 percent, 56 percent and 
70 percent. 
Dry weight of the embryo is probably the most accurate of 
the four measures of growth as shown by the data in the graphs 
and tables. Since no significant differences between the humid-
ities studied were obtained by analyzing separately the co-
variance of the observations each day, namely, the sixteenth, 
seventeenth, eighteenth, nineteenth and twentieth days, it was 
thought desirable to treat the observations as a population ap-
plying analysis of covariance technique for the determination 
of statistical significance. 
The data for these days are homogeneous in that the varia-
tions on the different days are practically constant when the 
logarithms of weight are used. Therefore it is logical to assume 
that the observations can be pooled. 
The pooled values for the later stages of development from 
the sixteenth to the twentieth days reveal no significant differ-
ence, which indicates that the different percentages of relative 
humidity used in this study did not influence the growth rate 
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of the embryo as measured by dry weight after the influence 
of egg weight is taken into account. 
The statistical interaction between humidity and dates is not 
significant, which is additional evidence in justifying the pool-
ing of the data. 
TOTAL NITROGEN AS A MEASURE OF GROWTH 
The nitrogen content of the chick embryos incubated under 
the various percentages of relative humidity in the egg cham-
ber are presented in tables 1 to 3. These data are shown in fig. 
3. It is evident from this graph that there is little difference in 
the growth of the embryos as shown by total nitrogen content. 
The fit of straight lines to the data points for the optimum 
humidity (62 percent) is close. The greatest variation is from 
the fourteenth to twentieth days. The differences in the total 
nitrogen content of the embryos are significant on the sixteenth 
day and not significant on the seventeenth, eighteenth, nine-
teenth and twentieth days when the influence of egg weight is 
considered. 
It has been suggested that, since nitrogen is a measure of 
protein content of the embryo, it should be one of the most con-
sistent indexes of growth. The total nitrogen curves for the 
optimum condition agree fairly well with the data of Hender-
son (4) and Murray (5) when the techniques used by these 
investigators are considered. 
There is little if any significant variation in the growth of 
the embryos at the different humidities when total nitrogen is 
used as an index. 
TO'l'AL ASH AS A CRITERION OF GROWTH 
The skeletal framework of the embryo is largely calcium 
and phosphorus. It seems logical to consider total ash as a 
criterion of growth under the different humidities, especially 
since previous workers have suggested that there is a relation-
ship between humidity and calcium metabolism. Total ash 
merits consideration since it contributes to the completeness of 
this study. 
The basic data on total ash are presented in tables 1 to 3 
and illustrated in fig. 4. Considerable variation during the 
early stages of development between the total ash of the em-
bryos is found when total ash is used as a measure of embryonic 
growth. There is no consistent difference in the curves as 
shown by the data points until the seventeenth day is reached. 
From the seventeenth to the twentieth days, the total ash con-
tent of the embryos incubatpd at 62 percent relative humidity 
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is larger than the total ash of the embryos incubated at 40 and 
80 percent. The total ash content is the smallest for the em-
bryos incubated at 80 percent relative humidity for the later 
stages of growth. 
After an analysis of covariance in which the influence of egg 
weight is removed, a significant difference in total ash appears 
on the sixteenth, seventeenth and eighteenth days between the 
different humidities. The difference is not significant on the 
nineteenth and twentieth days. 
While a significant difference is shown on the sixteenth, 
seventeenth and eighteenth days between the total ash of the 
embryos, the difference obtained is in favor of the intermediate 
humidity rather than the extreme humidity. 
When the total ash data are treated as a population and 
again analyzed for significance, the increase in ash is highly 
significant. This indicates that there is a beneficial effect ob-
tained from the intermediate humidity (62 percent relative 
humidity) from the sixteenth to the eighteenth days inclusive. 
The statistical interaction between humidity and dates is also 
significant, but this is caused by the decreased total ash of the 
embryo on the nineteenth and twentieth days. 
Romanoff (11), investigating this problem, used total ash and 
calcium content of the embryos as a measure of the influence 
of humidity. According to his findings there was more total 
ash per unit of dry matter under high than under low humidity. 
Calcium content, which is part of the total ash, was found to 
be greater under high than under low humidity. Romanoff 
attributes these differences to rapid assimilation of calcium by 
the embryo under conditions of high humidity. 
The observations in this study are not in agreement with the 
work of Romanoff in that the effect of humidity was at least 
not linear as his data suggest. The following possibilities are 
suggested as reason for the disagreement. Total ash of the 
embryo for the first stages of growth is very difficult to meas-
ure. The embryo is so small at these periods that there is evi-
dently a large sampling error. These observations are borne 
out by the data which show a wide variation in the total ash 
of the embryo, especially during the early stages of develop-
ment. 
Byerly (2) attributes the diminution in growth during the 
latter stages of development to the relatively large amount of 
fluid that the chick must dispose of before hatching. These 
data suggest that extreme humidities, either high or low, exert 
a depressing influence on the assimilation of ash by the 
embryo. 
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THE EMBRYO AND EXTRA-EMBRYONIC MEMBRANES AS A MEASURE 01<' 
GROWTH USING WET WEIGHT, DRY WEIGHT, TOTAL 
NITROGEN AND TOTAL ASH AS CRITERIA 
The basic data are presented in tables 1 to 3. The growth 
of the yolk sacs and allantois were measured collectively, using 
wet weight, dry weight, total nitrogen and total ash as criteria. 
The data are presented in the tables for comparison. The ex-
tra-embryonic membranes are living tissue and should be 
taken into account when the amount of living material is used 
as a measure of the influence of humidity in the egg chamber. 
Byerly (2) was apparently the first investigator to measure 
quantitatively the allantois and yolk-sacs. He observed that 
"inclusion of the living material in embryonic membranes in 
calculations of the rate of physiological processes of the em-
bryo indicates that they are probably of the same order of 
magnitude throughout the incubation period rather than of 
sharply decreasing magnitude as supposed by some previous 
workers." . 
The growth of the embryos and extra-embryonic membranes\ 
as measured by dry weights, are shown in fig. 5. The dry 
weight curve is shown because it is typical of the wet weight, 
total nitrogen and total ash curves. With the exception of a 
few breaks in the curves they are similar in type. 
The dry weights of the embryos plus the extra-embryonic 
membranes in this study are greater than those of Byerly's (2) 
probably because the membranes were not washed to remove 
the yolk. While it is admitted that this method leaves some 
of the yolk material, the technique was uniform for the differ-
ent humidity treatments. Byerly washed the membranes in 
his study to remove the yolk, but states that this material is 
difficult to remove. 
The inclusion of the extra-embryonic membranes did not 
show that the different humidities affected the growth of the 
embryo significantly on the twentieth day when wet weight, 
total nitrogen, total ash and dry weight were used as criteria. 
When .all of the living material of the embryo is used as a 
measure of growth, the trends of the wet weight, dry weight, 
total nitrogen and total ash growth curves are in general simi-
lar to one and the other, thus indicating that the different de-
grees of relative humidity as used in this study had little in-
fluence on the growth of the embryo and extra-embryonic mem-
branes. 
LOSS OF MOISTURE FROM EGGS DURING INCUBATION 
The loss of moisture which was measured by loss in weight of 
the eggs during incubation was greater at the low humidity 
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than at the high humidity. The eggs incubated at 40 and 62 
percent relative humidity lost twice as much weight from the 
fourth to twentieth days as the eggs incubated at 80 percent 
relative humidities. 
Loss of moisture from the egg during incubation is in-
fluenced by the temperature and humidity within the egg cham-
ber and the circulation of air around the egg. 
H enderson's (4) data showed that eggs lost more moisture 
at extremely high temperatures than at low temperatures 
when the relative humidity was practically the same. 
Romanoff (11) observed a considerable difference in the loss 
of weight of eggs under high and under low humidity. His 
observations are in agreement with the findings of this study. 
Murray (5) found that a more rapid circulation of air around 
the egg increased the evaporation of moisture from the egg. 
The thickness and surface area of the egg shell also in-
fluenced the loss of moisture from the egg. This probably ac-
counts for the variation in loss of moisture between the indi-
vidual eggs from day to day as shown by the data in tables 1 
to 3. 
The loss of moisture from the egg is apparently influenced by 
the following four factors: Temperature of the incubator. 
humidity within the egg chamber, circulation of air arol1no 
the egg and the thickness and surface area of the egg shell . 
INFLUENCE OF THE TYPE OF INCUBATOR ON GROWTH OF THE 
CHICK EMBRYOS 
Comparisons of the growth of chick embryos incubated in 
different types of incubators are few in number. 
The following comparisons based on the growth of the em-
bryo are interesting since they cover a variety of conditions 
supposedly optimum for each incubation. 
WET WEIGHT AS A CRITERTON 
A comparison of the wet weights of four studies of Leghorn 
chick embryos incubated in different · incubators under condi-
tions supposedly optimum for each type of machine is shown in 
fig. 6. The cumulative growth curves are plotted from the data 
of Romanoff (11), Henderson (4) and Murray (5) and com-
pared with the growth curves obtained in this study (table 4). 
In order to visualize results, the data are illustrated on two 
forms of charts, coordinate and semi-logarithmic. Cumulative 
growth curves are shown in all cases on the two types of paper. 
The general trends of the curves are in agreement one with 
the other and are similar in type. 
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The most outstanding deviations are from the fourth to the 
seventh days and from the sixteenth to the twentieth days of 
incubation. 
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The important differences between the wet weight data ' of 
Romanoff and Murray on the one hand, and Henderson and 
this study on the other, might be attributed partly to the dif-
ference in the technique of securing wet weights of the em-
bryos. 
Romanoff and Murray washed the embryos with distilled 
water prior to weighing. In this study and that of Henderson 
the embryos were weighed directly without washing. It is in-
teresting that Henderson's wet weight data compared fairly 
well with the data secured in this study, although two widely 
different types of machines were used. Henderson used a 
small incubator in which the temperature was not uniform from 
the top to the bottom of the egg-chamber, while in this study a 
machine was used in which the temperature was fairly uniform 
throughout. 
Romanoff's (10) studies were made in an electric laboratory 
incubator of his own design. This incubator, according to 
Romanoff, was so adapted that each variable physical factor 
could be independently and accurately controlled. 
Murray and Henderson used incubators of a similar type, 
but their incubation rooms differed. Murray'S incubations 
were conducted in a constant temperature room while Hender-
son's were conducted in an ordinary basement room. 
TABLE 4. SINGLE COMB WHITE LEGHORN CHICK EMBRYOS FROM EGGS IN-
CUBATED AT 37.6°C. (99.7°F.) RELATIVE 
HUMIDITY 62 PERCENT. 
(Combined data fr om three experiments, two conducted at Oklahoma and one at Iowa .) 
Age Mean wet Mean dry ! Mean Mean 
of weight of Standard weight of Standard total t otal 
embryo, embryo, errors embryo, errors ash, nitrogen, 
days grams gra:mB grams milligrams 
4 .0928 .0044 .0051 .0003 .0010 .51 
5 . 2219 .0117 .0130 .0009 .0018 1. 41 
6 .4219 .0185 .0261 . 0010 .0034 2.88 
7 .7653 .0262 .0472 .0023 .0056 4.93 
8 1.1705 .0403 .07'59 .0032 .0090 8.36 
9 1.6686 .0522 .1140 .0035 .0142 13.13 
10 2.4448 .0846 .1734 .0071 .0205 19.43 
11 3 . 5480 .1009 .2750 .0097 .0332 30.35 
12 5.0103 . 1483 .41:12 .0231 .0475 47.71 
13 7.0901 . 2055 .7058 .0319 .0724 78.28 
14 9.6575 . 3227 1. 2360 . 0640 .0965 142 .26 
15 13.4402 .2913 2.0269 .0852 .1552 237.31 
16 16.5676 .3810 3.0551 .1323 .2253 332.16 
17 19.9557 .4410 3.7717 . 1131 . 2824 392.80 
18 23.3635 .4905 4.3931 .1052 .3606 458.28 
19 27.1692 .6531 4.9747 .1238 .4037 474.56 
20 29.6236 .5182 5.7364 .2045 .4562 528.75 
No. of 
individuals 21 21 6 12 
29 
DRY WEIGHT AS A CRITERION 
The comparison of the dry weights of four studies of Leg-
horn chick embryos incubated in differ ent incubators under 
conditions supposedly optimum for each type of machine is 
shown in fig. 7. The cumulative growth curves are plotted 
from the previously cited data of the three investigators, 
Romanoff, Henderson and Murray, and compared with the data 
in this study. 
The dry weights secured by Henderson and those of this 
study are greater for the entire incubation period than those 
secured by Romanoff and Murray. 
The slope of the four curves for the increase in dry weight 
is very slight up to the middle of the incubation period, when 
they rise abruptly. Although the dry weights are not the same, 
the curves are in general similar. 
The similarity in the dry weight curves indicates that the 
temperatures used in the different machines were close to the 
optimum in each case, although there were apparent individual 
differences. 
This would indicate that there is an optimum temperature 
for each individual type of machine. 
TOTAL ASH AS A CRITERION 
The data secured in this study on total ash are very similar 
to the data of Romanoff (11) as illustrated in fig. 8, although 
the embryos were incubated in two different types of machines. 
The curve rises abruptly to the eighth day of incubation. From 
the eighth to fifteenth it slopes gently upward and then grad-
ually rises to the twentieth day. While the data submitted by 
Romanoff and those presented in this study are insufficient to 
warrant conclusions, there is a remarkable similarity shown 
in the two curves. 
The method of incubation evidently had little influence upon 
the ash content of the embryo as long as the operating tem-
perature and humidity were close to the optimum for each 
type of machine. 
TOTAL NITROGEN AS A CRITERION 
The total nitrogen curves shown in fig . 9 are plotted from 
the data of Henderson (4), Murray (5), LeBreton and Schaef-
fer, after Needham (6) and the data from this study. 
The data points used seem to agree fairly well with those of 
Henderson except for the fourth, fifth and eighteenth days of 
incubation. There is a difference between the total nitrogen 
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obtained by Murray, LeBreton and Schaeffer and the total nitro-
gen · of this study, but the general trends of the curves are 
similar. Murray, LeBreton and Schaeffer washed the embryos 
before they were weighed, possibly losing some of the nitrogen. 
Even though the data were obtained by different techniques, 
the deviations from the straight line in fig. 9 are, in general, 
similar. These existing differences in the total nitrogen curves 
might be accounted for by the differences in technique used by. 
the four investigators. The total nitrogen curves indicate that 
the different planes in the curves are possibly biologically sig-
nificant. This point is further emphasized by the similarity of 
the wet weight curves in fig. 6, the dry weight curves, fig. 7, 
and the total ash curves, fig. 8. 
The general indication is that wet weight, dry weight; total 
nitrogen and total ash are fairly reliable criteria for measuring 
the growth of the embryo and can be used as practical meas-
ures for the solution of some incubation problems. While the 
results differ, the difference is perhaps no greater than Rhould 
be expected under the different conditions of incubation. 
Some of the possible causes for lack of complete agreement 
as previously suggested by Henderson (4) are variations in in-
cubation methods, variations in techniques of extracting em-
bryos, variations in breed of parent stock. The greatest varia-
tion was probably caused by the temperature at which the 
different machines were operated. In an attempt to reduce 
the ' expression of factors influencing incubation to more exact 
physical terms the results of four investigators are compared in 
figs. 6, 7, 8 and 9. The physical conditions of the several in-
vestigationsare 'shown in table 5. The probable variation in 
conditions among the different types of incubators is shown in 
the column headed, "Type with respect to vertical variation in 
the egg chamber." 
It is apparent from the graphs that growth differed some-
what in the several investigations. Whether these differences 
TABLE 5. TYPE OF INCUBATOR WITH RESPECT TO VERTICAL VARIATION OF 
TEM'PERATURE IN EGG CHAMBER. 
Relative Type with respect to 
Investigator Temperature Humidty vertical variation in the 
egg chamber 
Romanoff 38°C. 100.4°F. 60 percent Probably uniform 
Henderson 38.8°C. 101.8°F. 62 percent Variable 
Murray 39.00 C. 102.2°F. 70 percent Variable 
Penquite 37.6°C. 99.7°F. 62 percent Uniform 
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are the r esult of differ ent t echniques used in extracting em-
bryos or of differences in actual physical conditions is probably 
a matter of conjecture. If it may be assumed that the growth 
differences among the several investigations are not significant, 
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the fact that the temperature conditions varied by as much as 
2 degrees requires interpretation. The following three possi-
ble explanations may be offered for these differences: Tem-
perature within the limits indicated in the table did not in-
fluence development; the variation may be accounted for by 
differences in extraction and weighing technique; physical 
measurements recorded in the several incubators are not true 
indications of the actual environment of the eggs because of 
vertical variations from top to bottom of the egg chamber. 
In comparing Henderson's work with this study, the differ-
ences in technique are eliminated since both were the same. 
Henderson (4) has shown. that a temperature variation of near-
ly 2° F. could be expected to produce distinct differences in 
growth rate for the first 16 days. 
Since the temperature recorded by the thermometers dif-
fered, in some instances, by nearly 2 degrees, it seems logical 
to assume that the different types of incubators provided dif-
ferent temperature environments. This emphasizes the need 
for consideration of the type of incubator in evaluating the 
comparisons between the results of the different investigations. 
The differences in growth obtained by Romanoff and those 
obtained in this study might be due to the fact that Romanoff 
washed the embryo in water before weighing. Washing the 
embryo would remove some of the nitrogen, thus lowering the 
percentage of nitrogen. This explanation would not suffice in 
comparing Romanoff's results with those of Murray, for pre-
sumably both used a similar technique of extraction. There 
was a temperature difference of 1.8° F. between these two in-
vestigations. In this case the difference in type of incubator 
must be suggested again as the probable indirect cause. 
Further evidence that there is approximately 2 degrees dif-
ference in temperature environment between the "sectional" 
and" cabinet" type of incubator is supplied by the compari-
son between the temperature results of Henderson at 41.6° C. 
(106.9° F.) and those of this study at 40.5° C. (104.9° F.). This 
study emphasizes that the type of incubator used governs the 
temperature at which the machine should be operated. A 
knowledge of the limits of the various influences is essential 
if standards for optimum conditions in the incubator are to be 
established. 
INFLUENCE OF TEMPERATURE 
The basic data of influence of temperature on growth as 
measured by wet weight, dry weight, total nitrogen and total 
ash are exhibited in tables 2 and 6. In fig. 10 are represented 
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the cumulative 'grawth curves far the embryas incubated at 
40.5 ° C. (104.9° F.) and 37.6° C. (99.7° F.) as measured by dry 
weight. The average dry weight data curves are ,shawn be-
cause they are typical af the wet weight, tatal nitra'gen and 
tatal ash curves. , 
; The primary reasan far abtaining these data wa~ to. ascer-
tain if temperature influenced the rate af grawth a~ the chick 
e~brya in the same manner as shown by previaus workers who. 
used different types af incubatars. ' ,; ,-
: Such influences are shawn by Hendersan (4), Hendersan and 
~rady (3), Ramanaff and J.i'aber (12), Penjanschkevyitsch (~), 
Sc.nkljar (13) and athers who. used incubatars in ,which the 
tempel-ature' ·varied fram the tap to. the battam o.f the egg 
chamber; Sinc'e. the grawth curves far wet weight, tatal nitro-
g:~n and t 'at-aJ. a~h, are similar to. the dry we~ght cl1ryes, th~y 
w.~ll nat be cansIdered. further. The dry w,eIght data far the 
twa temperatures illustrated in fig. 10 shaw clearly, that tefo.-
perature exerts a decided influence an the grawth af the erb.bry,6. 
T.he difference in grawth as shawn by dry weight at the t\V)a 
temperatures was tested by the methad af cavariance and 
found to. be highly significant when the influence af egg weight 
w,as remaved. This is evidence that te,mperature exerts an in-
fluence an the grawth af the embryo. during the first stages af 
develapm~nt. Hendersan (4) abtaine~ 'a~aut. the. saljIle g~aw~h 
at 41.6° C. (106.9° F.) althaugh the, embryas m )us expenmeRt 
live~ to. the eighteenth day .. He also. pain,ts aut that in the 
earlIer stages af grawth the mfluence dftemperature appeal:S 
to be linear. If weights near the lethal telnperature are can-
sidered, his abservatians agree with. this study. '\ ! " 
! It is evident fram this study that the upper limits af tem-
perature in mechanically ventilated incubatars ar~the , types 
U!sed are petween 38} O C. ,(100.9° F.) and 40.5 C. (104.9° F.). 
'. ~ .. 
TABLE 6. SING,LE .G<,?MB WHITE LEGHaRN CHICK EMBRYOS FR<DM EGGS IN-
CUBATED AT TEMPERATURE 40.5°C, (104.9°F". RELATIVE 
. . HUMIDITY 62 PERCENT. ' 
, . -~ . 
l , ,. 
. Age . Mean wet Mean' dry Mean total Mean total 
i of weight weight ash of nitrogen 
; embryo, of embryo, . of embryo, I embryo, of embryo, 
. 
days grams grams grams milligrams 
, I 
4 . 1193 .0075 ; ,0008 i .56 5 . 2991 .0162 . 0p17 , 1..§3 
6 . - .6321 .0335 ,0033 4.03-
7 1.1.926 ,0706 .0094 , 6.93 
8 1.6336 .0954 .0129 8.90 
9 2.3748 .1524 . 0164 15.46 
10 3.4863 .2145 .0346 24.10 
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Henderson (4) found that growth in a "sectional" type in-
cubator could be obtained in a temperature as high as 41.6° C. 
(106 .9° F .), although he obtained more rapid development at 
40.5° C. (104.9 ° F.). The results of this study indicate that 
40.5° C. (104.9 ° F.) in a mechanically ventilated incubator is 
equivalent or higher in temperature than 41.6° C. (106.9° F.) in 
a "sectional" type of incubator. 
Another illustration of the difference between the two 
types of incubators is shown by a comparison of the growth 
of the embryos made in the mechanically ventilated incubator 
used in this study at a temperature of 37.6° C. (99.7 ° F.) and 
the growth of the embryos made in the other investigations at 
38.8° C. (101.8° F.). 
GENERAL OBSERVATIONS 
This study calls attention to the importance of the factors, 
temperature and humidity, in incubation. It emphasizes, by a 
comparison of the work of other investigators, that there is a 
need for standardization so that the embryological investiga-
tions conducted in different types of incubators may be facili-
tated. 
This investigation clearly shows that there are optimum tem-
peratures and humidities for each type of incubator as well as 
optimum conditions for the different stages of embryonic de-
velopment. It also suggests that there is an optimum environ-
ment for the development of the embryo inside the shell and 
for the conditions that influence the chick to break out of the 
shell. 
The different percentages of relative humidity used in this 
study did not influence significantly the growth of the chick 
Embryo when measured by wet weight, dry weight and total 
nitrogen content. The literature reveals many conflicting opin-
ions about the influence of humidity upon the growth of the 
chick embryo. These many opinions further emphasize the 
point that the different percentages of relative humidity gen-
erally used in incubation need further experimental evidence 
to substantiate their influence upon the growth of the chick 
embryo up to the twentieth day of incubation. 
A general similarity in the type of growth curves to those of 
other workers is clearly demonstrated. At least three distinct 
rates of growth are apparent, and the changes in rate are rather 
abrupt. These changes in growth rate, in general, coincide 
with the changes in metabolic rate as pointed out by Hender-
son (4). It is still undetermined why the changes in rate of 
growth are so abrupt. This is a subject for further investiga-
tion. 
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